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(57) [Abstract] 

[Objective] Photosensitive resin which forms hologram to which 
separation efficiency of portion andthe dark portion where 
interference fringe is bright is good, with quitevivid, at same time, 
is superior in storage stability is offered. 

[Constitution] Radical polymerizability possessing, with temper 
ature of ambient pressure and 20 °C to 100 °C vis-a-vis 
unsaturated ethylene type monomer 100 parts by weight of 
theliquid, photoradical polymerization initiator and sensitizer 0. 
05 to 10 parts by weight , epoxy resin 30 to 100 parts by weight , 
combining, photosensitive resin composition for hologram which 
becomes. 

[Effect(s)] Although unsaturated ethylene type monomer it poss 
esses photosensitive vis-a-vis specificexposure wavelength, because 
epoxy resin, it makes kind of constitution which doesnot possess 
photosensitive vis-a-vis specific wavelength, separation ofthese 2 
component is done efficient . It can form hologram which in 
vivid is superior in storage stability. 

[Claim(s)] 

[Claim 1] Radical polymerizability possessing, with temperature 
of ambient pressure and 20 °C to 100 °C vis-a-vis unsaturated 
ethylene type monomer 100 parts by weight of theliquid, 
photoradical polymerization initiator and sensitizer 0.05 to 10 
parts by weight , epoxy resin 30 to 100 parts by weight , 
combining, photosensitive resin composition for hologram which 
designates that it becomes asthe feature. 

[Description of the Invention] 

[0001] 

[Field of Industrial Application] This invention regards photosensi 
tive resin composition which is used for hologram. 

[0002] 

[Prior Art] As photosensitive resin for conventional hologram, b 
elow those which are shown are known. As example of first, 
unsaturated ethylene monomer of low index of refraction, for 
example, butyl methacrylate of index of refraction 1 .47, case of 
polymerization, aforementioned kind of monomer which 
operatesas crossl inking agent and unsaturated ethylene monomer 
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which possesses index of refraction of same extent, for example , 
ethyleneglycol dimethacrylate of index of refraction 1.5 , And 
it possesses high index of refraction and compound where 
reactivity is low. for example, 1- phenyl naphthalene of index of 
refraction 1 .66 is designated as main component. You can list 
photosensitive resin which uses benzoin methyl ether, as initiator. 



[0003] m2omtLx[t. fiEtff^-esifctt 

bfc«fttt*IB*«*lf 6*14. 

[0004] ±iB«rtfr&«4«*a*2fta)#^xaifi 
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[0003] In addition, As example of second, as monomer where rea 
ctivity is high with the low index of refraction cyclohexyl 
methacrylate, as monomer where reactivity is low with high index 
of refraction N- vinyl carbazole, you can list photosensitive resin 
which uses benzoin methyl ether, as polymerization initiator. 

[0004] Clamping doing photosensitive liquid which consists of abo 
ve-mentioned compositionwith 2 glass substrate, it is something 
which it makes photosensitive layer, records thehologram with 
laser . Regarding photosensitive layer which was drawn up from no 
composition, when exposureof volume hologram is done, from 
portion where interference fringe is bright , thepolymerization of 
high reactivity substance is done . From gradient of substance 
concentration which it occurs, due to polymerization , as forthe 
high reactivity substance to bright portion, as for low reactivity 
substance dispersion occurs tothe dark portion. This way, 
interference fringe is recorded in difference of index of refraction 
of eachsubstance, hologram is formed. 

[0005] 

[Problems to be Solved by the Invention] But, there being a photo 
sensitive resin for this kind of conventional hologram, with 
example of the first, 1- phenyl naphthalene which you have used 
as low reactivity substance really for mostpart is something which 
is not reactivity. It is not desirable, there was a problem that, 
have become fold, inregard to circumstances which guarantee 
storage stability composition whichremains and as substance of 
low molecular weight also after hologram completing. 

[0006] In addition, with example of second, N- vinyl carbazole w 
hich you have usedas low reactivity substance, also in exposure of 
hologram has become compositionwhere certain extent 
polymerization advances and folds, also both components 
polymerization toadvance to simultaneous, there was a problem 
that separation of interference fringebecomes incomplete ones 
very. 

[0007] 

[Means to Solve the Problems] As for this invention, paying atten 
tion to this kind of conventional problem, beingsomething which 
you can do, you use unsaturated ethylene type monomer and 
epoxy resin. This unsaturated ethylene type monomer and 
photosensitive of epoxy resin, making use of sensitizer or the like 
itmakes differ in regard to wavelength. Namely, it tries to possess 
photosensitive, unsaturated ethylene type monomer, vis-a-vis a 
certainspecific wavelength. At same time, it can separate bright 
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portion and dark portion of interference fringe at time of 
hologram formationby it tries not to possessing photosensitive 
epoxy resin vis-a-vis this saidspecific wavelength, efficiently , in 
addition, it is based on when both of unsaturated ethylene type 
monomer and epoxy resin polymerization is designatedcompletely 
as after hologram formation with ultraviolet light or heat , 
knowledge ithad to do that storage stability improves. 

[0008] Therefore, as for photosensitive resin composition of this 
invention, radical polymerizability possessing, with temperature 
of ambient pressure , 20 °C to 100 °C vis-a-vis unsaturated 
ethylene type monomer 100 parts by weight of liquid, the 
photoradical polymerization initiator and sensitizer 0.05 to 10 
parts by weight, 30 to 100 parts by weight epoxy resin,combining , 
it designates that it becomes as thefeature. 

[0009] Below, this invention is explained in detail. As for unsatur 
ated ethylene type monomer which is used for photosensitive resin 
composition for hologram of the this invention being something 
which has, radical polymerizability of liquid with theambient 
pressure , 20 to 100 °C, it can illustrate 2- ethylhexyl acrylate , 
2- hydroxyethyl acrylate , 2- hydroxyethyl methacrylate , 2- 
hydroxypropyl acrylate , tetrahydrofurfuryl acrylate , 
tetrahydroxy furfuryl methacrylate , phenoxy ethyl acrylate , 
tetrahydrofurfuryl oxyethyl acrylate , tetrahydrofurfuryl 
oxyhexyl acrylate or other various acrylate. In addition, it is 
possible to be various urethane acrylate , epoxy acrylate , 
acrylamide. 

[0010] Above-mentioned unsaturated ethylene type monomer, bee 
ause with ambient temperatureambient pressure it is necessary 
tokeep monomer state in case of handling of photosensitive resin, 
requires factthat it is a liquid with temperature of ambient pressure , 
20 to 100 °C. 

[001 1] In addition, as for index of refraction of above-mentioned 
unsaturated ethylene type monomer, it is goodto be a 1.5 5 or less , 
preferably 1.30 to 1.55. As for reason which is made 1.5 5 or less, 
as for epoxy resin which is acomponent of one side of hologram 
formation, index of refraction is approximately 1 .6 generally. In 
addition, satisfactory hologram is formed combining with this 
epoxy resin, thereforeat least refractive index difference of 0.05 
necessity, is. 

[0012] Next, as photoradical polymerization initiator, it can illust 
rate benzoin alkyl ethers , ketals , oxime esters , benzophenone , 
thioxanthone derivative , quinone , thioacridone or other 
aromatic ketones . 1,3 -di ( t-butyl dihydroxy carbonyl benzene ), 
3,3\4,4'- tetrakis ( t-butyl dihydroxy carbonyl ) 
benzophenone or other peroxy acid ester , iodonium salts , 
dianine , rhodamine , safranine , malachite green , methylene 
blue or other alkyl or alkyl boric acid salt, iron - arene complex , 
bis imidazoles , N- aryl glycine or the like. In addition, as 
sensitizer, various visible light sensitizer , for example, Michler's 
ketone or other aromatic amine , xanthene dye , thiopyrylium 
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salt , merocyaninequinoline dye , coumarinketocoumarin dye , 
acridine orange , benzo flavine , dianine , phthalocyanine , 
porphine , rhodamine , safranine , malachite green , methylene 
green , or the like can be illustrated. It uses above-mentioned 
photoradical polymerization initiator and sensitizer, with fraction 
of the0.05 to 10 parts by weight vis-a-vis unsaturated ethylene 
type monomer 100 parts by weight, compounded amount under 0. 
05 parts by weight, amount of light absorption to be little is not 
an effect. When, it exceeds 10 parts by weight, absorption of light 
becomes excess,because it stops arriving to portion where laser 
light for exposurethe hologram film is deep, is not desirable. 

[0013] Furthermore, as for epoxy resin, from relationship with t 
heabove-mentioned unsaturated ethylene type monomer, it is good 
to be a those which are hardened with ultraviolet light below 400 
nm or those of thermosetting. In addition, it uses epoxy resin, 
with fraction of 30 to 100 parts by weight vis-a-visthe above- 
mentioned unsaturated ethylene type monomer 1 00 parts by 
weight. Under 30 parts by weight, in necessary amount in order to 
form high index of refraction portion of gratingof hologram not 
reaching. In addition, when it exceeds 100 parts by weight, there 
is a possibility where thegrating where component which 
polymerization advances with exposure due tothe initial laser 
became half or below, was once formed is disordered with 
theunstable and is not desirable. 

[0014] Next, you explain concerning molding machine structure of 
hologram whichuses photosensitive resin of this invention. In 
photosensitive resin composition of this invention, with exposure 
due to ultraviolet light (UV), thepolymerization of both of 
unsaturated ethylene type monomer and epoxy resin is done. 
But, with exposure in argon ion laser or other visible wavelength, 
through radical polymerization initiator which opticalsensitization 
is done, with sensitizer ( visible light sensitizer ) polymerization 
it does unsaturated ethylene type monomer,but polymerization it 
does not do epoxy resin. 

[0015] As for this reason, as for epoxy resin, with above-mention 
ed sensitizerthe sensitization it is not done for most part. In 
addition, because it does not receive either influence of theradical 
which occurs with reaction of unsaturated ethylene type monomer. 
Therefore, at time of hologram exposure due to above-mentioned 
laser,the unsaturated ethylene type monomer polymerization does 
from portion where interference fringe is bright. Because, 
unsaturated ethylene type monomer of this portion becomes 
insufficient, it moves theunsaturated ethylene type monomer 
which exists in portion where interference fringe is dark to 
brightportion. 

[0016] Epoxy resin does not do polymerization and in portion w 
here interference fringe isdark extrusion. As a result, it separates 2 
component of unsaturated ethylene type monomer and epoxy 
resin, intothe bright portion and dark portion of interference 
fringe. As though it is above, it tries to possess photosensitive, 
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unsaturated ethylene type monomer,vis-a-vis a certain specific 
wavelength. At same time, in order not to possess photosensitive 
vis-a-vis thethis said wavelength, to separate bright portion and 
dark portion of interference fringe by adjusting,efficiently it is 
possible epoxy resin. 

[0017] In addition, polymerization doing both of unsaturated eth 
ylene type monomer and epoxy resincompletely by doing 
ultraviolet light exposure etc after hologram formation, it is 
possible alsoto form hologram where storage stability is good. 

[0018] 

[Working Example(s)] Below, this invention is connected with W 
orking Example . 

Working Example 1 

As unsaturated ethylene type monomer of radical polymerizability, 
next formula 

[Chemical Formula 1] 



CH z =CHCOCH 2 CH 2 NHCOC (CH 3 ) 2 H 

o o 



r^JMititt^u^T^'j i/-h (s.n.p.e. a 

8. ACT I CRYLCL960 ) £100 SfigU (BIT. &f$.<D 

«fcBX7K**>*« (te*lbx* («) «L «fi**?K 
V-KR400 ) $30-50. T<? 'J U- h t £i£-f£ 7 S/A ;U 



So monofunctional urethane acrylate ( S.N.P.E. supplied , traden 
ame ACTICRYLCL960 ) which is displayed vis-a-vis 100 parts 
by weight (Below, it shows ratio of composition with parts by 
weight. ), cation reactive UV-curing type epoxy resin ( Asahi 
Denka Kogyo KJC make and tradename Optomer KR400 ) 30 to 
50 , as radical polymerization initiator which reacts with acrylate, 
next formula 

[Chemical Formula 2] 



(jE*<DRI*-C00C(CH3)3£7F-fo ) Vm2ti&3, 3' (As for R in Formula -COOC(CH3) 3 is shown. ) With 3,3', 

, 4, 4' -f h7 (t-?fJl//^-tW h'^il/*- 4,4'- tetra ( t-butyl peroxide carbonyl benzophenone ) which 

JU'OV^xy » $-2-10, pj«3fc£ftfe*i: LT. * is displayed 2 to 10, as visible light sensitizing pigment, next 

^ formula 

tit 3 ] [Chemical Formula 3] 

O 
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So 3,3'- carbonyl bis (7 -di ethylamino coumarin ) which is dis 
played 0.1 to 0.5 was added. 1 2 hours agitating blend which is 
acquired, meltingcompletely, it made photosensitive liquid. 
Putting between this photosensitive liquid with transparent glass 
substrate 2, it made photosensitive layer of thefilm thickness 20 
to 80 urn . 

[0019] Until ultraviolet light irradiation is done in photosensitive 
layer which it acquires,stops being a flow property, 
prepolymerization action, exposure of volume hologram was 
done with 488 nm of argon ion laser. After that, it could obtain 
bright hologram where irradiation it doesthe ultraviolet light again, 
polymerization ends completely, storage stability is good. 

[0020] With constitution with this working example, with exposur 
e due to ultraviolet lightthe polymerization of both of acrylate 
and epoxy resin is done, but withthe exposure due to visible 
wavelength of argon ion laser through radical polymerization 
initiator which thevisible light. sensitization is done with coumarin 
dye, polymerization it does acrylate, but because, epoxy is not 
done with coumarin dye sensitization for mostpart, either does not 
influence radical which occurs with reactionof acrylate does not 
receive, polymerization. Because of this, because at time of 
hologram exposure due to argon ion laser theacrylate 
polymerization does from portion where interference fringe is 
bright and theacrylate of this portion becomes insufficient, it 
moves acrylate whichexists in portion where interference fringe is 
dark to with bright portion, epoxy does not do, polymerization is 
pushed out to portion where the interference fringe is dark. It 
separates 2 component of acrylate and epoxy resin, into dark 
portion and bright portion of interference fringe. Like above, 
efficiency of separation improved very by combining acrylate 
which it tries to possess photosensitive vis-a-vis a certainspecific 
wavelength and epoxy which does not possess photosensitive vis- 
a-vis specificwavelength. In addition, after hologram formation 
ultraviolet light exposure is done, polymerization doing both of 
acrylate and epoxy resin completely, itwas possible to make 
hologram where storage stability is good. Doing front exposure, 
fact that it increases viscosity, is inorder to adjust dispersion 
velocity of monomer. 

[0021] Working Example 2 

Ethyleneglycol dimethacrylate vis-a-vis 100 UV-curing type epox 
y resin ( Asahi Denka Kogyo KK make and tradename Optomer 
BYX304) 25 to 50, as radical polymerization initiator 3,3',4,4 
- tetra ( t-butyl peroxide carbonyl benzophenone ) 3 to 10, 
melting 0.1 to 0.5 , it designated 3,3'- carbonyl bis (7 -di 
ethylamino coumarin ) as photosensitive liquid as the visible light 
sensitizing pigment. Regarding this working example, as for 
ethyleneglycol dimethacrylate because sensitization it is done inthe 
coumarin dye, with visible light of 500 nm vicinity and 
polymerization is done with theultraviolet light, but as for epoxy 
resin with ultraviolet light polymerization advances, but with 
visible light polymerization it does not do. Because of this, when 
photosensitive layer is formed and volume hologram is 
producedwith method which is similar to Working Example 1, 
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effect which issimilar to Working Example 1 was acquired, it was 
possible to make hologramwhere storage stability is good brightly. 
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[0022] Working Example 3 

Hydroxypropyl acrylate vis-a-vis 1 00 , thermosetting epoxy resi 
n ( bisphenol A type epoxy and hardener ( for example ACR Ltd. 
make and tradename H-3551 ) were mixed with ratio of 100 : 30 
to 60 thething) 25 to 35, as radical polymerization initiator, 3,3 
',4,4'- tetra ( t-butyl peroxide carbonyl benzophenone ) 4 
to 8, as visible light sensitizer, 0.1 to 0.5 it added 3,3'- 
carbonyl bis (7 -di ethylamino coumarin ), melted completely. 
Next, photosensitive layer was formed in same way as Working 
Example 1. 

[0023] With this working example, as for acrylate as had sensitivi 
ty in wavelength of theultraviolet to visible, sensitization it is 
done, but epoxy does not react with light. Therefore, when 
hologram exposure is done with 488 nm of argon ion laser, 
theacrylate and epoxy separate with effect which is similar to the 
Working Example 1, it was possible to form hologram. After 
that, polymerization doing acrylate completely with entire 
surface exposure due tothe ultraviolet light, because epoxy 
polymerization does completely furthermore byabove 2 4 hours 
heating with 80 to 90 °C, it is bright, hologram wherethe storage 
stability is good acquired. 

[0024] Working Example 4 
Next formula 

[Chemical Formula 4] 



fi* AA€ ACTICRYLCL959)$100 left U HJSfll 3 t ft C 
!MfcSX7K*$/fflffi£25~35. 3, 3' , 4, 4' -f 

( t -^ju/^-sMMM K*^-M>77iy 
» *5i/*;um^BBte*it LT 3-10. 3, 3' 

(7 -vx^jUT^y Q v'J » $0.1-0.5 m 
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So acrylic urethane (SNPE supplied , tradename ACTICRYLCL9 
59) of monofunctionality which is displayed vis-a-vis 100 ,the 
same thermosetting epoxy resin as Working Example 3 25 to 35, 
with 3,3',4,4 t - tetra ( t-butyl peroxide carbonyl 
benzophenone ) as radical polymerization initiator 3 to 10, 0.1 to 
0.5 it added 3,3'- carbonyl bis (7 -di ethylamino coumarin ), 
melted completely, made photosensitive liquid. Putting between 
this photosensitive liquid to transparent glass substrate 2, it makes 
photosensitive layer. When treatment which is similar to 
Working Example 3 is done, it isbright, hologram where storage 
stability is good acquired. 

[0025] Above, this invention was explained with Working Examp 
le , but this invention is notsomething which is limited in only 
this, various deformation is possible insidethe range of this 
invention, for example , unsaturated ethylene monomer which is 
used with this invention not to be something which islimited to 
acrylate and methacrylate which are shown with Working 
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Example,with radical polymerization advancing. If, with 
unsaturated ethylene monomer which cation ic polymerization is 
not done, index of refraction is somethingof 1 .3 to 1 .55, it is 
possible to use anything. In addition, not just those which are 
listed to Working Example as the epoxy resin, if they are 
transparent ones with type which is hardened with eitherone of 
ultraviolet light or heat, you can use anything. 

[0026] 

[Effects of the Invention] As above explained, according to this in 
vention, because constitution, unsaturated ethylene monomer , 
radical polymerization initiator which does radical 
polymerization with sensitizer for this polymerization initiator, 
epoxy resin which is hardened with ultraviolet light or heat with 
it does, from difference of photosensitive for specificexposure 
wavelength, separation of 2 component of unsaturated ethylene 
monomer and epoxy resin isefficiently done. Because all 
component can be hardened with post-exposure and heat 
treatment due tothe ultraviolet light, effect that is acquired it can 
obtain hologram which is superior very brightly in storage 
stability. 
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